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(54) Atmospheric pressure glow discharge treatment of base material for photographic 
applications 

(57) The present invention is a method for treating a 
polyester support such as polyethylene naphthalate or 
polyethylene terephthalate. The treatment is carried out 
at atmospheric pressure in a gas of helium and option- 
ally nitrogen and/or oxygen. The treatment uses metal- 
lic electrodes and an atmospheric glow discharge 
results when the electrodes are connected to a genera- 
tor and spaced about 1 to 2 mm apart. The process and 
apparatus improve adhesion of subsequently coated 
emulsions on the polyester support at high speeds and 
relatively low power by selecting a frequency of 40 kHz 
to 500 kHz. 
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Description 

ReldQfthe Invantion 

s This invention describes an improved process for treating photographic support with electrical discharges at atmos- 
pheric pressure to pronrK>te the adhesion of subsequent coated layers. 

BackqrQiinjQffthe Invgntign 

10 Corona discharges are used widely in industry to promote adhesion between various materials. In manufacturing 
photographic products there is a large body of literature describing various applications of coronas to make aqueous 
and non-aqueous coatings adhere to substrate materials. Almost all of these coronas are produced by applying a high 
voltage (approximately 5-10 kV). relatively high frequency (10 kHz) signal to electrodes in air at atmospheric pressure. 
See. for example, US Patents 4.241.169; 4,701.403; 4.087,574; 4,429,032; 4.363,872; 4,229,523; 4.394,442; 

15 3.411,908; 3.531.314; 3,582.339; 3.607,345; 3.630,742; 3.860.427; 3.874,877; 3.888.753; 4.055.685; 4,518.681; 
5,004.669; FR Patent 76 13034; EP Application 92303556.2. There are limitations to the usefulness of corona treat- 
ments, however Coronas produce locally energetic discharges, known commonly as streamers, and these streamers 
may cause a non-unHbrm level of treatment. They may also be related to an Inhomogeneous loss of red speed in pho- 
tographic emulsions which produces a mottle defect. Furthermore, coronas appear to be effective at promoting adhe- 

20 sion of coatings to polyethylene, but are relatively Ineffective at promoting the adhesion of layers to various polyester 
supports such as PET. PEN. etc. 

A more controllable and effective way of preparing polymers for coating is with low pressure glow discharge treat- 
ments. Glow discharges are. by nature, very diffuse and homogeneous, producing a more uniform treatment. Moreover, 
by controlling the gas it is possible to improve the adhesion of photographic layers to materials such as polyesters as 

25 well as polyethylene. See, for example, U. S. Patents 4,993,267; 3,837.886; and 4,451 ,497. A major disadvantage in 
glow discharge treatments done at reduced pressures is the problem of maintaining a low pressure at the treatment sta- 
tion. It is necessary to use either a batch process, in which the support is loaded into a chamber and the air is removed, 
or an in-line process, which requires that the support pass through a differential pressure region. In the first case, the 
support must go through an additional off-line step before the coatings are applied. This unattractive from a product- 

30 flow perspective and requires additional capital. The second choice Is difficult and expensive to implement because of 
the very tight tolerances needed to maintain the pressure differentials in the transport path. This requires expensive and 
complicated hardware and pumps. The closer to atmospheric pressure that these treatments can be done, the simpler 
and less costly the process becomes. 

It is known that under the right conditions, stable diffuse glow discharges can be produced at atmospheric pres- 

35 sures. Wbric in this area has been limited and directed primarily at etching of photoresist and deposition of materials. 
However, there are references to treatments for adhesion (WO 94/28568). Many reports indicate that a reliable method 
of producing diffuse glow discharges at atmospheric pressures is to use helium as the discharge gas. The work 
reported in the literature has been reproduced and found to be reliable. Furthermore. Yoshikawa et al (U.S. Patent 
5,316,739) have described devices to be used to treat rubber at atmospheric pressure with helium and mixtures of 

40 helium with other gases. Tliey use power supplies ranging in frequency from dc to 13.56 Mhz. and show no advantage 
to be gained by using a particular frequency or small range of frequencies. However, we have found that by using trace 
amounts of active gases in novel discharge device, at certain frequencies stable atmospheric pressure discharges can 
be produced which can dramatically Inprove the adhesion of photographic emulsions to difficult to coat materials such 
as polyethylene. PET, and PEN. 

45 In USSN 08/299.776 filed September 1 , 1 994 a method of treating a polymeric support comprising a first electrode 
having a first surface, the first electrode having a plurality of spaced apart holes adjoining the first surface, positioning 
a second electrode, having a second surface spaced apart from the first surface of the first electrode, pumping gas 
through the holes wherein the gas is greater than or equal to atrTX)spheric pressure, the gas comprising helium and 
optionally oxygen and/or nitrogen, coupling power to the first electrode having a frequency of 10 kHz to 50 Mhz, and 

so positioning a web between the first surface of the first electrode and the second surface of the second electrode wherein 
the polymeric web is subjected to atmospheric glow discharge to improve the adhesive properties was disclosed. 

The above method has been found to be very useful, but it is quite important in photographic systems to be able to 
run film at extremely fast rates, such as 5 feet per minute or above and at comparatively low power densities, such as 
5 watts per square centimeter or less. 

55 In USSN 08/600,568 filed February 13. 1996 was described a prefen^ed combination of treatment gases and treat- 
ment frequencies that allow the use of tiie above device at higher than expected speeds and lower than expected power 
densities. Specifically, the gas comprises helium and optionally oxygen and/or nitrogen. Particulariy effective and fast 
treatments are possibly when the power supply operates at a frequency of between 40 kHz and about 500 kHz. 
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One disadvantage of using the technique described in the aforementioned filings is the need for a treatment elec- 
trode fabricated with a plurality of closely-spaced holes. Making such an electrode requires precision machining, lead- 
ing to considerable cost. Furthermore, it is matched to a particular drum electrode, and is not interchangeable with other 
diameter drums. There would be considerable advantages to being able to use standard corona discharge treatment 
5 devices, many of which are already in-place throughout photographic manufecturing operations, to achieve the same 
results described In these previous filings. 

Summary of the Invention 

10 The present invention describes the use of conventional corona discharge treatment hardware, and improved hard- 
ware, operating with specific gases and gas mixtures and with power supplies within a specific frequency range. In 
order to achieve adhesion in photographic systems by treating at high speeds. 

The present invention comprises a method of treating a polymeric support at atmospheric pressure comprising: 

75 providing one or more metallic active electrodes arranged to face a drum shaped metallic electrode; 
pumping a gas comprising helium to the drum shaped metallic electrode; 

connecting a power supply having a frequency between 40 kHz and 500 kHz between the active electrodes and 
the drum electrode. 

transporting a polymeric web-shaped material over the drum shaped electrode so that it Is exposed to the atmos- 
20 pheric glow discharge produced by the active electrodes. 

A particulariy preferred embodiment of the Invention involves treating a polym^ic support by; 

providing one or more metallic active electrodes arranged to face a drum shaped metallic electrode; 
25 providing a gas comprising helium ttirough gas distribution bars containing slits which may distribute flow to the 
electrode arrangement wherein the slits are sealed to tiie electrodes; 

connecting a power supply having a frequency between 40 kHz and 500 kHz between tiie active electrodes and 
the grounded electrode; and 

transporting a polymeric web-shaped material over the drum shaped electrode so that it is exposed to the atmos- 
30 pheric glow discharge produced by the active electrodes. 

The present invention provides the advantage of improving the adhesive properties of a polyester substrate using 
a glow discharge device which can be maintained economically and these operations can be maintained at atmos- 
pheric pressures while maintaining a higher speed of support treatment at relatively low power density. 

35 

Brief Description of the Drawings 

Figure 1 is an illustration of a prior art electrode. 

Figure 2 is an illustration of a conventional corona discharge treatment apparatus. 
40 Rgure 3 is an illustration of a particulariy prefen'ed corona discharge treatment apparatus, as used in the present 
invention. 

For a better understariding of the present invention, together with otiier and further objects, advantages and capa- 
bilities thereof, reference is made to the following detailed description and appended claims in connectton with the pre- 
ceding drawings and description of some aspects of the invention. 

45 

Detailed Description of the Preferred Embodiments 

Figure 1 shows a sectional view of the atmospheric glow discharge apparatus used in USSN 08/600.568 filed Feb- 
ruary 13, 1996. Electrode 20 includes a series of apertures 23 through which the gas is supplied through inlet 24. The 

so dimensions of electrode 20 are 12.1 cm by 13.3 cm. Electrode 20 has 333 apertures 23 each having a 1 mm diameter. 
The apertures are symmetrically distributed on the electrode 20. A stable glow discharge at atmospheric pressure with 
high percentages of reactive gas species, most notable N2 and O2 in He. is possible using tiie electrode 20 shown In 
Figure 1 . TTils allows for a more complete treatment of the polyester substrate at low power. The perforated electrode 
configuration shown in Figure 1 can be operated in ambient air with a mixture of 8% N2 in He being supplied through 

55 the apertures 23. 

It is essential in the treatment of polymeric supports to enhance tiie adhesivity using a transport speed as high as 
possible with a power as low as possible. As all photographic processes are carried out at extremely high speed to 
maintain adequate cost consideration and ample supply, it is critical to be able to attain the desired adhesivity at higher 



3 



EP0 821 273A1 



graphic layers directly to the support. 

In addition to photographic emulsions, other layers can be adhered to the substrate, such as antistatic, magnetic 
and lifcricant layers. Problems associated with electrostatic charge in the manufticture and utilization of imaging ele- 
ments are welt known. The accumulation of charge can result in dirt or dust attraction, producing physical defects. The 

5 discharge of accumulated charge during application or use of radiation sensitive layers (photographic emulsions, for 
example) can produce irregular fog patterns or static marks in the light sensitive layer(s). These static charge problems 
have become inaeasingly more severe due to increased photographic emulsion sensitivity, increased coating machine 
speeds, and increased post-coating drying efficiency. Transport charging results from the tendency of high dielectric 
materials to accumulate electrical charge when in relative motion to other materials. This results in static charging dur- 

10 ing coating and post-coating operations, such as slitting and spooling. Static charge build-up may also occur during the 
use of imaging elements, for example during winding of a roll of photographic film out of and back into a film cassette 
in an automatic camera. Static discharge during magnetic reading and writing can result in increased bit error rates. 
These problems can be exacerbated at low relative humidities. Similarly, high speed processing of imaging elements 
can result in static charge generation. Due to increased demands for static charge control, a wide variety of ionically- 

75 conducting and electronically conducting materials have been incorporated into antistatic layers for photographic imag- 
ing, magnetic recording and other imaging elements. 

As an example of auxiliary layers tiiat can be adhered to tiie polyester substrate it is well known from various U.S. 
Patents, including 3.782.947; 4,279,945; 4.990.276; 5,217,804; 5.147.768; 5.229,259; 5.255,031; and others that a 
radiation sensitive silver halide photographic element nfiay contain a transparent nrvagnetk; recording layer which can 

20 advantageously be employed to record Information into and read information from the magnetic recording layer by tech- 
niques similar to those employed in the conventional magnetic recording art. The use of a magnetic recording layer for 
information exchange allows improved photographic print quality through input and output of information identifying the 
light-sensitive material, photographic conditions, printing conditions, and other information. 

Additional auxiliary layers may also be present in tiie imaging element. These layers may be used for but not limited 

25 to abrasion resistant and other protective layers, abrasive containing layers, adhesion promoting layers, curl control lay- 
ers, transport control layers, lubricant layers, magnetic layers, and other layers for purposes such as improved web con- 
veyance, optical properties, physical properties and durability. An apparatus like tiiat shown in Figure 3 was operated 
at two discharge power supply frequencies with several gases and gas mixtures. Polyetiiylene naphthalate was trans- 
ported through the treatment zone at several speeds to assess the capability of the process to work in-line with other 

30 manufacturing operations, such as the coating of photographic emulsions. The surfaces thus treated were then coated 
by hand with an antihalation layer which is tiie first layer in many color photographic systems. After the emulsion was 
set and dried a series of adhesion tests were run to test the adhesive properties of the treated PEN. 

In each of the following cases, the adhesion of tiie anti-halation layer was assessed in botii the wet and dry states. 
Prior to testing, the coated films were dried for either 72 hours (dry testing) or 336 hours (wet testing) at 22<'C and 40% 

35 relative humidity. The dry test was done by attempting to peel the emulsion from the support with adhesive tape in five 
increasingly aggressive steps. The sequence consists of changing the tape type, tape width, type of scoring tool, type 
of scoring, and tape peeling speed. Eitiier a high speed (HSS) tool bit or a dissection scalpel was used to scribe a 
scratch in the emulsion. When patterns fH" or "#T are used, the HSS bit or scalpel was used to form the pattern in the 
emulsion surface. A piece of the specific tape was tiien hand applied and pressed onto the prepared area. The lengtii 

40 of the leader, or pull tab. Is test specific to further control the peel speed. 

The tapes used Include 810 (1/2 Inch width). 610 (1 inch width), and 396 (3/4 inch width) all manufactured by 3M 
Company. One of the tool bits may be used to slice tiie emulsion at the edge of the tape to concentrate the peel stresses 
to the area under tiie tape. The peel forces can be spread out by not scribing the edges. In each case, tiie tape is then 
peeled such that tiie peel angle is 90 degrees between the tape and substrate. The speed of the peeling motion is 

45 another factor which affects the aggressiveness of tiie particular test. Two of the tests utilize multiple peels to incre^e 
the aggressiveness. A summary of tiie tests, in order of increasing aggressiveness, is shown in Table 1. 



Table 1 



Tape Test 


Tool 


Pattern 


Tape 


Leader 


Edge Slice 


Speed 


# of Peels 


D 


Scalpel 


None 


810 


0.25" 


No 


Slow 


1 


E 


Scalpel 


None 


810 


0.25" 


Yes 


Fast 


1 


F 


HHS Bit 


H 


810 


4" 


Yes 


Fast 


3 


G 


Scalpel 


# 


610 


4" 


Yes 


Fast 


3 


H 


Scalpel 


# 


396 


2" 


Yes 


Fast 


1 
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web speed. This is extremely difficult where mixtures of gas as desaibed in USSN 08/299,776 are used at various 
speeds of from 1 to 30 ft. per minute. As the speed of the web increased many of the gas mixtures did not retain equal 
adhesive properties. 

It is also critical to use the lowest power possible because large power requirements increase the capital costs and 

5 can thermally damage the web being treated. The power density is defined as the power delivered to the treatment elec- 
trode divided by the area of the treatment electrode and is measured in watts per square centimeter. 

It has been found herein that effective treatments at ratios of web speed in ftVmin. to power density In W/cmf of 1 :1 
or higher can be attained only at frequencies of from 40 kHz to 500 kHz. 

As it is critical to be able to use equipment which does not require the holes of the apparatus of Figure 1, the 

10 present invention is described in Figure 3. 

Figure 2 is a schematic representation of a conventional covered roll Corona Discharge Treatment (CDT) station. 
CDT is a common method for treating plastic webs to render them wettable and adherent to Inks and other materials 
coated In fluid form. The common mode for corona discharge is to operate In air. The breakdown voHage for air is such 
that the necessary field strengths are typically achieved by operating with small air gaps between the energized elec- 

75 trode and ground with high (3 to 1 5 KV) voltages applied. Corona charging devices achieve high field strength by virtue 
of small radius points or narrow gauge wires, which means that close proximity to surfaces is not important, however 
high currents and high power are not appropriate for such wire electrode devices. Thus corona treatment of flat webs 
with flat surlaced electrodes (1) and small electrode to web gaps is a natural, common, and expected application. The 
other aspect of corona discharge treatment is that destructive arcs will occur at high power unless runaway currents are 

20 stopped. This is typically done with dielectric barrier layers (5) capable of withstanding voltages of 15 KV or more, and 
thus atmospheric discharges with dielectric layers are often called banier discharges. A necessary characteristic is that 
significant power can only be generated with alternating current, so typical corona discharge treaters operate with 3 
KHz to 40 KHz power supplies (3). In order to be consistent in treatment, the air gaps in corona discharge treaters have 
to remain constant, thus typical applications to web treatment involve the use of rollers (2) to position the web (4) with 

25 electrodes (1) drcumferentialiy located with respect to the roller. The plastic web to be treated might suffice as a barrier 
but is usually reinforced by a dielectric in the device. If the dielectric is located on the electrode, this ddines a generic 
class of CDT treaters commonly known as bare roll treaters. Covered roll treaters (Figure 2), another common class of 
CDT treaters. use a variety of dielectrics (5) located on the roller (2) with easy to fabricate metal electrodes (1). Metal 
electrodes can commonly found as multiple units of Vi" to 1" width, drcumferentialiy located around the roller in order 

30 to simplify the maintenance of electrode to web surface gaps. Another common type of metal electrode is a "shoe", 
which is a single unit contoured to the roller diameter to maintain a constant air gap. Bare roll treaters have suffered a 
practical difficulty wherein dielectric covered electrodes break from the thermal shock assodated with high power den- 
sity concentrated on the electrode and so cooling airflows have been invented (see US. Patent 4,446,1 10) to lengthen 
the lifetime of dielectric materials covering the electrodes and to exhaust the common CDT by-product, ozone. Typical 

35 treatment doses for corona discharge treaters operating in air are 1 to 4 watt-minutes per square foot. These treatment 
doses and the materials available for dielectrics mean that successful treatments are possible from 10 to 2000 feet per 
minute web speeds. The success of CDT in air is limited to web surfaces such as polyethylene with respect to adhesivity 
of photographic coatings. 

The apparatus of the present invention is described In Figure 3. It is like a standard corona discharge apparatus 
40 except that provision has been made to create substantial and uniform gas flow beneath the active electrodes and 
through the discharge operating at atmospheric pressure or abova The gas is introduced between pairs of electrodes 
and flows outward substantially displacing the surrounding air and constantly replenishing the desired gaseous compo- 
sition. 

Figure 3 shows the relationship between the grounded roller (2) and the active electrodes (1) (electrodes to which 
45 the power is delivered). The power supply is connected commonly to all the electrodes (1) and to the grounded roller 
core (2). The roller is covered with an Insulating layer (5). The web to be treated (4) is directed over the roller (2) and 
under the electrodes (1) which are spaced away from the web so that only small gaps reniain. Typical gaps are 0.020" 
to 0.060" with smaller gaps preferred. The process gas enters between electrodes via delivery slits (6) which are sealed 
to and insulated from the electrodes with silicone rubber. The process gas is forced to flow through the discharge zone 
50 between the electrode face and the web to be treated. TTie process gas is delivered to the slits via tubes (1 0) for uniform 
distribution purposes. The tubes are fed from channels in the superstructure (7) and screw adjustments are available 
to regulate the amount of flow to indivkJual tubes (10). Entrance to the superstructure channels is via inlets(8). 

It is obvious that in order to perform, the photosensitive layers in photographic products must adhere to the support 
onto which they are coated. This adhesion must be adequate both in the dry state and during processing in developer 
55 and other solutions. Since photosensitive layers do not normally adhere directly to the polymer supports comnfX}nly 
used, adhesion promoting layers, often called "subbing" layers, are used. These layers adhere well to the support and 
also fadlitate good adhesion between them and the photographic layers. Surface treatments have been discussed 
which can promote adhesion of the subbing layers to the support polymer, or which can provide adhesion of the photo- 
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The amount of the emulsion removed by the tape is recorded lor each condition as a percentage of the original 
bounded area under the tape and reported In Table 2. A score of 0% removal means that no emulsion was removed 
under any condition, and is considered necessary for product-quality photographic film. A score of 100% means that 
there was complete removal under all 5 conditions. A score between 0 and 100% Is determined by averaging the 
removal for all 5 conditions. 

The wet adhesion was assessed by placing the coated film in developer solution at a temperature of Z&'C and rub- 
bing it with an abrasive pad (Scotchbrite) while a pressure of 1 .0 N/cm^ was applied to the pad. After 60 back and forth 
cycles under the pad. the anfiount of emulsion removed was assessed as a percentage of the abraded area. A score of 
zero removal Is considered necessary for product-quality photographic film. 

The invention will be described in more detail with reference to the fbllcwing examples, which are not intended to 
restrict the scope of the invention. 

75 

The treatment device as shown in Figure 3 was operated with 40 liters per minute of helium and 4 liters per minute 
of nitrogen flowing through the electrodes. A power supply operating at a frequency of 450 kHz and a power of 192 
20 watts was used. Polyethylene naphthalate was transported through the treatment zone at a linear speed of 1 0 feet per 
minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After treatment the 
polyester support was coated and dried as desaibed above. This treatment resulted in 0% removal for both the wet and 
dry tests. 

25 Example 2 

The treatment device as shown in Figure 3 was operated with 40 liters per minute of helium and 8 liters per minute 
of nitrogen flowing through the electrodes. A power supply operating at a frequency of 450 kHz and a power of 186 
watts was used. Polyethylene naphthalate was transported through the treatment zone at a linear speed of 10 feet per 
30 minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After treatment the 
polyester support was coated and dried as described above. This treatment resulted in 0% renxyval for the wet test and 
1% removal for the dry test. 

The treatment device as shown in Figure 3 was operated with 40 liters per minute of helium alone flowing through 
the electrodes. A power supply operating at a frequency of 450 kHz and a power of 168 watte was used. Polyethylene 
naphthalate was transported through the treatment zone at a linear speed of 30 feet per minute. Six bare titanium treat- 
ment bars, spaced 0.76 mm from the rubber coated drum, were used. After treatment, the polyester support was coated 
and dried as described above. This treatment resulted in 0% removal for the wet test and 3% removal for the dry test. 

Example 4 

The treatment device as shown in Figure 3 was operated with 40 liters per minute of helium and 8 liters per minute 
45 of nitrogen flowing through the electrodes. A power supply operating at a frequency of 450 kHz and a power of 188 
watts was used. Polyethylene naphthalate was transported through the treatment zone at a linear speed of 30 feet per 
minute. Six bar titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After treatment, the 
polyester support was coated and dried as described above. This treatment resulted in 0% removal for the wet test and 
0% removal for the dry test. 

50 

Comparative Example 1 

The treatment device as shown in Rgure 3 was operated with 8 liters per minute of helium alone flowing through 
the electrodes. A conventional corona discharge treatment power supply, operating at a frequency of 10 kHz and a 
55 power of 400 watts, was used. Polyethylene naphthalate was transported through the treatment zone at a linear speed 
of 10 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After 
treatment, the polyester support was coated and dried as described above. TTiis treatment resulted in 100% removal 
for the wet test and 1% renwval for the dry test. 
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CgmparatiYe Sample g 

The treatment device as shown in Figure 3 was operated with 8 liters per minute of helium and 0.32 liters per 
minute of nitrogen flowing through the electrodes. A conventional corona discharge treatment power supply, operating 
5 at a frequency of 10 l^z and a power of 468 watts, was used. Polyethylene naphthalate was transported through the 
treatment zone at a linear speed of 10 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rub- 
ber coated drum were used. After treatment, the polyester support was coated and dried as described above. This 
treatment resulted in 86% removal for the wet test and 0% removal for the dry test. 

10 Comparative Example g 

The treatment device as shown in Figure 3 was operated with 80 liters per minute of helium and 3.2 liters per 
minute of nitrogen flowing through the electrodes. A conventional corona discharge treatment power supply, operating 
at a frequency of 10 l<Hz and a power of 396 watts, was used. Polyethylene naphthalate was transported through the 
IS treatment zone at a linear speed of 10 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rub- 
ber coated drum, were used. After treatment, the polyester support was coated and dried as described above. This 
treatment resulted in 100% removal for the wet test and 2% removal for the dry test. 

Comparative Example 4 

20 

The treatment device as shown in Figure 3 was operated with 8 liters per minute of nitrogen alone flowing through 
the electrodes. A conventional corona discharge treatment power supply, operating at a frequency of 10 kHz and a 
power of 426 watts, was used. Polyethylene naphthalate was transported through the treatment zone at a linear speed 
of 10 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After 
25 treatment, the polyester support was coated and dried as described above. This treatment resulted in 1% removal for 
the wet test and 2% removal for the dry test. 

Comparative Example 5 

30 The treatment device as shown in Rgure 3 was operated with 8 liters per minute of helium alone flowing through 
the electrodes. A conventional corona discharge treatment power supply, operating at a frequency of 10 kHz and a 
power of 438 watts, was used. Polyethylene naphthalate was transported through the treatment zone at a linear speed 
of 30 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After 
treatment, the polyester support was coated and dried as described above. This treatment resulted in 100% removal 

35 for the wet test and 2% removal for the dry test. 

Comparative Example 6 

The treatment device as shown in Figure 3 was operated with 8 liters per minute of helium and 0.32 liters per 
40 minute of nitrogen flowing through the electrodes. A conventional corona discharge treatment power supply, operating 
at a frequency of 10 kHz and a power of 482 watts, was used. Polyethylene naphthalate was transported through the 
treatment zone at a linear speed of 30 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rub- 
ber coated drum, were used. After treatment, the polyester support was coated and dried as described above. This 
treatment resulted in 100% removal for the wet test and 0% removal for the dry test. 

45 

Comparative Example 7 

The treatment device as shown in Figure 3 was operated with 80 liters per minute of helium and 3.2 liters per 
minute of nitrogen flowing through the electrodes. A conventional corona discharge treatment power supply, operating 
so at a frequency of 10 kHz and a power of 376 watts, was used. Polyethylene naphthalate was transported through the 
treatment zone at a linear speed of 30 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rub- 
ber coated drum, were used. After treatment, the polyester support was coated and dried as described above. This 
treatment resulted in 100% removal for the wet test and 1% removal for the dry test. 

55 Comoarative Example 8 

The treatment device as shown in Figure 3 was operated with 80 liters per minute of helium alone flowing through 
the electrodes. A conventional corona discharge treatment power supply, operating at a frequency of 10 kHz and a 
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power of 396 watts, was used. Polyethylene naphthatate was transported through the treatment zone at a linear speed 
of 30 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, were used. After 
treatment, the polyester support was coated and dried as described above. This treatment resulted in 100% removal 
for the wet test and 1% removal for the dry test 

5 

CQmp9rativ9^mpl9 9 

The treatment device as shown In Rgure 3 was operated in air without any gas flowing through the electrodes, as 
is the practice in norma) operation. A conventional corona discharge treatment power supply, operating at a frequency 
10 of 10 kHz and a power of 490 watts, was used. Polyethylene naphthalate was transported through the treatment zone 
at a linear speed of 30 feet per minute. Six bare titanium treatment bars, spaced 0.76 mm from the rubber coated drum, 
were used. After treatment, the polyester support was coated and dried as described above. This treatment resulted in 
100% removal for the wet test and 1% removal for the dry test. 

Table 2 below summarizes the adhesion results for these examples. Also included in the table Is untreated support. 
IS On support with no treatment, there is 1 00% removal in both the wet and dry tests, showing that the adhesion of pho- 
tographic emulsions to untreated PEN is unacceptable. 
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The important and surprising result that is evident from the data in Table 2 is the dependence of the adhesion on 
power supply frequency. In all cases, at a frequency of 450 kHz the wet adhesion was perfect, and in two cases both 
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the wet and dry adhesion were perfect. In spite of investigating an extensive set of conditions, under no circumstances 
was a treatment done at a conventional frequency of 10 kHz able to provide perfect wet adhesion. It was also found in 
the course of this work that in order to operate at a frequency of 450 kHz it was necessary to use helium as a carrier 
gas. 

5 Roth et al (WO 94/28568) present an analysis of an atmospheric glow discharge device in which they calculate a 
lower limit for the frequency at which a discharge can be sustained. According to them, this frequency is given by 



V 2 t f£ 

10 

where e is the ionic charge, V is the root-mean-square discharge voltage, m is the ionic mass, y is the ionic col- 
lision frequency (given by Roth et al as 6.8 X1 0^ per second) and d is the plate separation for the discharge. At 450 kHz, 
the helium discharges of the present invention operate at an electrode separation of 0.76 mm with an rms voltage of 
IS 11 00 V. According to Roth's teachings, the minimum frequency at which a discharge can be sustained under these con- 
ditions is 2.2 Mhz. The effective treatment above operate at 450 kHz. which Is 5 times lower than the lower limit that 
Roth teaches. 

These results demonstrate that treatments of polymer support is helium or mixtures of helium with other reactive 
gases, done at the right frequencies, can significantly improve the adhesion of emulsion directly to the support. These 
20 types of results are not possible with conventional corona treatments, which are typically done in the frequency range 
from 3 to 40 kHz. 

While the invention has been described with particular reference to a preferred embodiment, it will be understood 
by those skilled in the art the various changes can be made and equivalents may be substituted for elements of the pre- 
ferred embodiment without departing from the scope of the invention. In addition, many modifications may be made to 
2S adapt a particular situation in material to a teaching of the invention without departing from the essential teachings of 
the present invention. 

Claims 

30 1 . A method of treating a polymeric siqsport at atmospheric pressure comprising: 

providing one or more metallic active electrodes arranged to face a drum shaped metallic electrode; 
pumping a gas comprising helium to the drum shaped metallic electrode; 

connecting a power supply having a frequency between 40 kHz and 500 kHz between the active electrodes 
35 and the drum electrode, 

transporting a polymeric web-shaped material over the drum shaped electrode so that it is exposed to the 
atmospheric glow discharge produced by the active electrodes. 

2. The method of claim 1 . wherein the volume sun-ounding the device is filled with a mixture of nitrogen and helium 
40 ga& 

3. The method of claim 1 , wherein the volume surrounding the device is filled with a mixture of oxygen and helium gas. 

4. A method of treating a polymeric support at atmospheric pressure comprising: 

45 

providing one or more metallic active electrodes ananged to face a drum shaped metallic electrode; 
pumping a gas comprising helium through gas distribution bars containing slits which may distribute flow to the 
electrode arrangement wherein the slits are sealed to the electrodes; 

connecting a power supply during a frequency between 40 kHz and 500 kHz between the active electrodes 
50 and the drum electrode; and 

transporting a polymeric web-shaped material over the drum shaped electrode so that it is exposed to the 
atmospheric gk)w discharge produced by the active electrodes. 

5. The method of claim 4, wherein the slits are sealed to the electrodes with silicone rubber. 

55 

6. The method described in claim 4, wheran the active electrodes are covered by an insulating material. 

7. The method of claim 4, wherein the volume sun'ounding the device is f Qled with a mixture of nitrogen and helium 
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8. The method of claim 4, further comprising: 

coating the polymeric support with a photographic emulsion, antistatic layer, magnetic layer or lubricant layer 
after the polymeric support is suk^ected to the atmospheric glow discharge. 
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FIG. 1 
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